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The  Western  Regional  Turkey  Breeding  Project  W-7  was  approved  in  July  1947,  and 
the  cooperating  Experiment  Stations  throughout  most  of  the  period  1947  to  1964  in- 
cluded California,  Colorado,  Oregon,  Utah,  Washington,  and  Wyoming,  with  the  Utah 
Experiment  Station  withdrawing  from  the  project  in  1962.  The  Technical  Committee 
membership  during  the  existence  of  the  project  was  as  follows: 


State  or  govern- 
mental agency 

Committee 
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California 

V.  S.  Asmundson 
F.  X.  Ogasawara 

1947-1962 
1963-1964 

Colorado 

H.  S.  Wilgus 
E.  G.  Buss 
R.  E.  Moreng 

1947-1949 
1950-1955 
1956-1964 

Oregon 

J.  E.  Parker 
J.  A.  Harper 

1947-1949 
1950-1964 

Utah 

C.  I.  Draper 

A.  B.  Stephenson 

J.  D.  Carson 

1947-1949 
1950-1953 
1954-1961 

Washington 

I.  L.  Kosin 
W.  A.  Becker 

1947-1959 
1960-1964 

Wyoming 

L.  Morris 
G.  T.  Davis 
D.  C.  Hutto 

1947-1949 
1950-1956 
1957-1964 

USDA 

S.  Work 
R.  B.  Nestler 
W.  E.  Shaklee 
E.  C.  Miller 

1947 

1952-1955 
1956-1962 
1963-1964 

USDA 
Coordinators 

D.  C.  Warren 
S.  C.  King 
J.  R.  Carson 
C.  W.  Hess 

1947-1955 
1956-1958 
1959-1960 
1961-1964 

Administrative 
Advisors 

S.  S.  Wheeler 
D.  S.  Carver 
L.  W.  Rasmussen 
M.  M.  Rosenberg 

1953-1955 
1956 

1957-1958 
1959-1964 

USDA,  PRB,  AHRD 

S.  J.  Marsden 

1957-1964 

The  opportunity  for  Committee  members  to  meet  provided  a  nucleus  for  germination 
of  ideas  and  stimulation  for  research  on  a  cooperative  basis.  Knowledge  so  obtained 
has  now  become  part  of  turkey  production.  Regional  research  funds,  along  with  state 
funds,  have  been  returned  many  times  over  in  terms  of  decreased  losses  and  added  profits 
in  the  turkey  industry. 
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Under  procedure  for  cooperative  publications,  this  regional  report  becomes  in  effect 
an  identical  publication  of  each  of  the  cooperating  agencies,  and  is  mailed  under  the 
frank  and  indicia  of  each. 

This  bulletin  summarizes  the  research  findings  of  Western  Regional  Turkey 
Breeding  Project  W-7  for  the  years  1947  to  1964.  The  research  was  concerned 
with  the  broad  areas  of  growth,  fertility,  egg  production  and  hatchability,  and 
their  relationship  to  genetic  and  environmental  factors. 
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TURKEY  BREEDING  RESEARCH 
IN  THE  WESTERN  UNITED  STATES' 

EGG  PRODUCTION  RESEARCH 


Breeding  Systems 

In  studies  involving  eight  strains  of  Broad 
Breasted  Bronze  (BBB)  turkeys  the  repro- 
ductive efficiency  of  strain  crosses  was  gen- 
erally greater  than  that  of  pure  strains, 
and  egg  production  for  the  strain  crosses 
was  11  to  40  per  cent  higher.  In  other  ex- 
periments, inbred  lines  developed  over  a 
10-year  period  and  having  coefficients 
above  75  per  cent  showed  a  decrease  in 
reproductive  traits  as  compared  with  non- 
inbred  lines.  Inbred  turkey  females  laid 
25  per  cent  fewer  eggs  than  did  non-inbred 
females,  while  top-crossed  females  laid  18 
per  cent  more  eggs.  Survival  within  inbred 
lines  was  low,  and  the  lines  were  difficult 
to  maintain. 

Trapnest  egg  production  for  12  weeks 
only  was  highly  correlated  (+0.81)  to  total 
season  production  of  22  weeks.  This  sug- 
gests that  a  short  period  is  adequate  for 
sampling  egg  production  to  provide  data 
for  determination  of  matings  within  a 
generation.  Further  experiments  on  selec- 
tion of  BBB  turkeys  showed  that  age  at 
sexual  maturity  was  decreased,  and  the 
number  of  eggs  increased,  in  an  early- 
maturing  line  as  compared  to  a  late-matur- 
ing line.  Females  of  the  early-maturing 
line  started  to  lay  2  to  14  days  earlier, 
paused  less  frequently,  and  laid  an  average 
of  59.6  eggs  per  female;  the  average  was 
34.6  eggs  for  the  late-maturing  line.  In- 
formation obtained  suggests  that  a  turkey- 
breeding  program  combining  selection  for 
early  sexual  maturity,  partial  reproduction 
records,  and  artificial  insemination  to  over- 
come effect  of  prior  matings,  should 
shorten  the  time  between  generations  and 
increase  the  rate  of  genetic  improvement. 

1  Submitted  for  publication  January  25, 
1966. 


Lighting  Systems 

The  light  environment  which  turkeys  are 
exposed  to  has  a  profound  effect  upon 
their  age  at  sexual  maturity,  and  on  the 
number  of  eggs  produced.  Studies  in  this 
regional  project  therefore  explored  light- 
ing as  one  of  the  factors  related  to  artificial 
control  of  egg  production  cycles. 

Season 

Egg  production  begins  about  March  1 
(plus  or  minus  2  weeks  for  various  latitudes 
in  the  western  states),  and  physical  ma- 
turity of  turkeys  is  reached  in  summer  or 
fall.  Short  winter  days  retard  sexual  ma- 
turity, but  increasing  day-lengths  stimulate 
the  fowl's  optic  nerve,  causing  an  interac- 
tion between  the  pituitary  and  gonad 
which  produces  a  normal  reproductive 
state.  Artificial  light  may  be  used  to  supple- 
ment or  replace  natural  light  in  order  to 
influence  reproduction. 

Age 

The  effect  of  time  of  lighting,  and  of  the 
length  of  the  exposure  to  autumn's  short- 
ening days,  was  observed  in  three  lines  of 
BBB  June-hatched  turkeys.  With  a  14-hour 
light-day  provided  at  169  days  of  age,  the 
median  age  at  sexual  maturity  for  females 
was  218  days  for  an  early  maturing-line 
and  a  control  line;  for  a  late-maturing  line 
it  was  254  days.  The  time  of  response  (egg- 
laying  or  production  of  semen)  to  lights 
was  44  days  for  the  early-maturing  and 
control  lines,  and  89  days  for  the  late- 
maturing  line.  When  exposure  to  the  14- 
hour  day  (long  day)  started  at  197  days, 
all  lines  varied  from  25  to  31  days  to  first 
egg.  When  lights  to  increase  light-day- 
length  were  started  on  all  lines  at  224  days, 
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age  at  sexual  maturity  was  245-246  days 
(with  average  time  to  first  egg  being  21  to 
22  days).  The  experiment  shows  that  sex- 
ual maturity  in  turkey  females  may  be 
delayed  by  increasing  day-length  too  soon 
in  autumn  without  sufficient  initial  expos- 
ure to  a  short  light-day.  In  another  experi- 
ment (not  described  here)  turkey  females 
responding  earliest  to  artificial  light  pro- 
duced the  most  eggs.  Females  laying  within 
19  to  20  days  following  lighting  laid  an 
average  of  64  eggs,  while  for  each  delay  of 
2  days  in  sexual  maturity  there  was  an 
average  six  eggs  decrease  in  production. 
Females  showing  the  most  rapid  response 
to  light  exhibited  less  tendency  toward 
broody  and  non-broody  pauses. 

Strain 

Genotype-environment  interactions,  ob- 
served in  an  experiment  involving  three 
lines  of  turkeys  under  artificial  lighting, 
indicated  that  testing  of  strains  for  re- 
sponse to  lighting  programs  might  be  ap- 
propriate. 

Restriction  of  Light 

A  number  of  experiments  were  conducted 
to  determine  the  cause  of  low  egg  produc- 
tion in  summer  and  fall.  Winter-hatched 
turkey  females  were  kept  on  natural  light 
after  reaching  23  weeks  of  age,  or  were 
restricted  to  9  hours  of  light  daily  for  3 
weeks;  after  this  treatment  all  groups  re- 
ceived 17  hours  of  light  daily.  The  hens 
which  had  had  2  or  3  weeks  of  light  re- 
striction laid  considerably  more  eggs  in 
successive  months.  It  was  therefore  con- 
cluded that  turkey  females  exposed  to 
long  light-days  during  growth  were  likely 
to  be  refractory  (non-responsive)  to  light, 
and  that  a  short  day-length  is  required  to 
precondition  the  pituitary  gland  to  re- 
spond to  a  long  light-day. 

Later  experiments  demonstrated  that 
turkey  females  preconditioned  with  6 
hours  of  light,  followed  by  10  hours  expos- 
ure later,  laid  substantially  more  eggs  after 
exposure  to  a  long  light-day  (14  hours  or 
more).  A  4-week  light-restriction  period 
was  as  effective  in  terminating  refractor- 
iness as  was  6  or  8  weeks. 


Intensity  of  Light 

Experiments  over  4  years  showed  that  red 
light,  and  uniform  intensity  levels  of  in- 
candescent white  light  of  0.6,  1.2,  1.7,  2.5, 
10.0  and  40.0  ft-c  (foot  candles)  at  bird 
height,  were  equally  effective  in  stimu- 
lating egg  production  from  December 
through  May.  There  was  some  indication 
that  the  40  ft-c  level  may  have  had  an  ad- 
verse effect  on  length  of  the  laying  period. 

Turkey  females  exposed  to  a  16-hour 
light-day,  with  intensities  of  2  or  4  ft-c, 
laid  more  than  they  had  laid  after  a  5- 
minute  exposure  to  1500-watt  bulbs.  Fe- 
males on  a  13-hour  light-day  of  2.0  or  4.0 
ft-c  intensity  laid  at  an  intermediate  rate 
(3  to  4  eggs  a  week). 

October-hatched  turkeys  precondi- 
tioned for  8  weeks,  beginning  at  22  weeks 
of  age  by  lowering  light  intensity  to  ap- 
proximately 0.01  ft-c,  had  egg  production 
equal  to  preconditioning  with  8  hours 
light  daily  at  4.4  ft-c.  Average  egg  produc- 
tion per  female  for  the  low-intensity  light 
treatment  was  97.6,  and  97.1  for  the  high- 
intensity  treatment;  the  average  of  63  per 
cent  during  a  22-week  season  was  equal  to 
that  normally  obtained  from  spring- 
hatched  turkeys  over  a  similar  period. 

Sex 

In  several  experiments  it  was  shown  that 
male  turkeys  do  not  exhibit  a  lack  of  re- 
sponse to  long  light-days,  as  do  females. 
Preconditioning  of  winter-hatched  turkey 
males  by  restricted  light-day  length  is  not 
necessary  for  semen  production. 

Duration  of  Light 

An  abrupt  change  in  lighting  of  turkey 
females,  from  a  9.5  hour  light-day  for  pre- 
conditioning to  13  or  15  hours,  resulted  in 
faster  ovarian  response  than  did  30-minute 
daily  increments  starting  at  9.5  hours  until 
a  total  of  15  hours  was  obtained.  For  the 
abrupt-light-treatment  females,  there  was 
a  significant  improvement  in  egg  produc- 
tion, a  decreased  time  to  laying  of  the  first 
egg  following  light  increase,  and  increased 
poult  production. 

A  step-down  light-preconditioning  plan, 
involving  gradual  shortening  of  the  daily 
photoperiod  from  24  hours  at  0  to  9  weeks 
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of  age  to  a  minimum  of  14.5  hours  natural 
light,  was  not  effective.  Possibly  a  shorter 
terminal  step-down  photoperiod  would  be 
more  effective,  if  followed  by  an  increased 
increment  of  daily  light. 

Drugs 

Experiments  with  November-hatched  tur- 
key females  showed  that  when  diethylstil- 
bestrol  was  injected  at  a  rate  of  10  milli- 
grams per  week  for  4  weeks,  or  given  orally 
at  1 1  to  22  milligrams  per  kilogram  of  feed 
for  4  weeks,  beginning  at  24  weeks  of  age, 
the  egg  production  increased  significantly 
in  2  of  3  years,  as  compared  to  that  of  fe- 
males reared  to  28  weeks  old  under  natural 
light.  Other  hormones,  including  proges- 
terone, testosterone  and  cortisone,  gave 
variable  results.  Reserpine  in  feed  at  a 
level  of  0.5  mg  per  kilogram  of  feed  for  3 
weeks,  beginning  at  25  weeks  of  age,  did 
not  overcome  refractoriness,  although  1.0 
and  2.0  mg/kg  fed  for  3  weeks  increased 
egg  numbers,  as  compared  to  natural  light- 
control  females. 

Temperature 

Turkey  females  held  under  a  constant  14- 
hour  70°F  environment  were  delayed  in 
reaching  sexual  maturity,  and  exposure  to 
a  90°F  temperature  and  a  14-hour  light- 
day  delayed  sexual  maturity  even  more. 
Females  on  a  constant  8-hour  light-day  at 
70°  or  90°F  did  not  reach  sexual  maturity. 
When  the  females  were  shifted  from  the 
8-hour  light-day  to  a  14-hour  day,  egg  pro- 
duction started  in  3  weeks,  while  under 
reciprocal  treatment  females  ceased  egg 
production  in  1  week. 

When  turkey  females  were  in  a  con- 
trolled environment  with  a  temperature  of 
65°  (±  5°F)  from  December  to  August,  or 
an  environment  fluctuating  with  outside 
temperatures  ranging  from  23°  to  94°F, 
the  rate  of  egg  production  was  significantly 
higher  for  the  fluctuating  environment. 
The  controlled  environment  induced 
broodiness  to  a  greater  extent  than  did  the 
uncontrolled  environment.  Egg  size  was 
depressed  in  the  uniform-temperature- 
treated  female  groups,  but  egg  shell  thick- 
ness (as  determined  by  specific  gravity) 
was  not  affected. 


Altitude 

The  effect  of  selection  of  turkeys  for  repro- 
ductive traits  at  7200-and  9100-foot  eleva- 
tions was  observed  in  experiments  over  a 
5-year  period.  In  4  of  the  5  years,  average 
egg  production  was  slightly  higher  for  the 
lower  altitude  line.  The  average  egg  pro- 
duction per  female  for  the  5  years  was  42.7 
eggs  for  the  7200-foot  line,  and  40.4  eggs 
for  the  9100-foot  line. 


Body  Size 

The  effect  of  selection  for  body  weight  on 
reproduction  in  turkeys  was  studied  in  two 
7-year  experiments.  In  one  experiment, 
the  BBB  lines  were  selected  on  the  follow- 
ing bases:  (1)  heaviest  weight  at  8  weeks 
and  24  weeks,  respectively;  (2)  an  index 
([8-week  weight  x  5]  minus  24-week  weight) 
selection;  and  (3)  random  selection.  A  sig- 
nificant difference  was  found  in  date  of 
first  egg  between  the  8-week  weight  line 
and  other  lines,  but  the  data  showed  no 
variation  in  egg  production  in  all  lines 
that  could  be  attributed  to  selection.  Large 
turkeys  laid  eggs  of  larger  size. 

In  the  other  7-year  experiment,  three 
single-trait  lines  of  BBB  turkeys  were  se- 
lected for  large  24-week  weight,  high  egg 
production,  and  high  hatchability;  a  ran- 
dom line  acted  as  a  concurrent  control. 
While  body  weight  and  hatchability  in- 
creased within  each  of  these  selected  lines, 
egg  production  did  not  shift  in  the  egg- 
production-selection-line.  At  the  end  of 
the  selection  period,  reciprocal  matings 
between  the  egg  production  and  random 
control  lines  showed  neither  maternal  ef- 
fects nor  sex-linkage  effects  on  egg  produc- 
tion. 

Egg-laying  Rhythm 

The  egg  production  pattern  for  BBB  and 
BSW  (Beltsville  Small  White)  turkeys  was 
observed  from  February  through  June, 
using  morning  artificial  light  starting  at 
7:00  a.m.  with  extended  natural  light  in- 
creasing seasonally.  The  over-all  average 
time  of  egg  laying  appeared  to  be  1:45  p.m. 
Time  intervals  between  ovipositions  were 
shortened  with  increasing  clutch  (series  of 
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eggs)  length,  with  a  lower  limit  of  approxi- 
mately 25  hours  The  time  of  first  ovipo- 
sition  can  be  used  as  a  criterion  for  identi- 
fying intensive  layers.  Variations  in  num- 


ber and  length  of  clutches  show  definite 
dependence  upon  season.  The  egg  weight 
was  found  to  decrease  for  successive  eggs 
within  clutches. 


FERTILITY 


Sexual  Maturity 

Variability  of  age  at  sexual  maturity  as 
determined  by  the  first  measurable  semen 
sample  ranged  from  132  to  291  days  in 
BBB  males.  Differences  in  date  of  hatch  of 
2  weeks  or  more  changed  age  at  maturity 
from  0  to  50  or  more  days.  Age  at  maturity 
differed  for  strains,  and  the  differences 
could  be  increased  by  selection.  At  the  end 
of  5-years  of  selection,  early-  and  late- 
maturing  lines  matured  at  173  and  218 
days,  respectively.  Heritability  of  age  at 
maturity  was  0.65,  based  on  dam  com- 
ponents, and  0.85  for  sire  variance  com- 
ponents. Crosses  of  early-  and  late-maturity 
lines  resulted  in  progeny  intermediate  in 
age  at  maturity,  and  little  differences  were 
found  in  reciprocal  crosses. 

Semen  Characteristics 

Volume.  Semen  volume  produced  by  BBB 
males  was  influenced  by  age,  season,  or  en- 
vironment. The  mean  volume  from  Feb- 
ruary to  May  in  each  of  2  years  averaged 
0.235  and  0.266  ml  per  sample  in  one 
strain.  Males  from  lines  selected  over  sev- 
eral generations  for  early  maturity  pro- 
duced an  average  of  0.300  ml  per  collec- 
tion from  March  through  May,  as  com- 
pared to  0.200  ml  for  late-  maturing  males. 
Progeny  of  the  various  crosses  produced 
semen  intermediate  in  volume  from  the 
volumes  of  the  males  of  the  two  lines. 
Studies  on  the  effect  of  frequency  of  col- 
lection showed  that  volume  was  not  de- 
creased by  every-other-day  collection  (as 
compared  to  weekly  collections).  Daily  col- 
lections decreased  semen  volume  signifi- 
cantly, while  2-  or  4-week-apart  collections 
were  lower  in  volume  than  were  weekly 
collections.  Sperm  concentrations  were  not 
affected  by  frequency  of  collection.  Herit- 


ability of  semen  volume  ranged  from  0.20 
to  0.40.  For  spring-hatched  BBB  males,  the 
correlation  between  semen  volume  pro- 
duced to  the  end  of  April,  May,  and  June, 
was  0.90,  0.95,  and  0.98,  respectively.  Samp- 
ling to  the  end  of  May  gave  an  adequate 
estimate  of  semen  volume  production  dur- 
ing the  summer  months. 
Semen  storage,  When  semen  from  BSW 
males  was  held  for  4  hours  at  15°C  in  Feb- 
ruary prior  to  artificial  insemination  (A.I.) 
the  subsequent  fertility  was  equal  to  0,  1 
and  2  hours  of  holding  time.  In  April  and 
May  marked  decline  in  fertility  occurred 
in  all  semen,  except  when  it  was  used  im- 
mediately after  collection  (0  holding  time). 

Fertility  Factors 

Preconditioning  males.  Preconditioning 
males  at  50°F  increased  the  level  of  fertil- 
ity by  0  to  10  per  cent,  depending  upon 
the  external  environmental  conditions  to 
which  the  males  were  later  exposed.  In 
colder  climates  preconditioning  may  be  of 
value  in  the  management  of  turkey  males. 
Sperm  production  was  shown  to  be  de- 
pressed by  late  spring  and  summer  tem- 
peratures. 

Crossing  strains.  Crossing  seven  strains  of 
BBB  turkeys  for  4  years  increased  mean 
fertility  in  natural  mating  to  56.4  per  cent, 
while  eggs  of  pure  strains  were  48.7  per 
cent  fertile.  A  decrease  in  fertility  was 
noted  in  BBB  turkeys  whose  inbreeding 
coefficients  reached  50  to  75  per  cent. 
Selection  for  high  and  low  fertility  lines. 
Reciprocal  matings  involving  two  lines 
selected  for  high  and  low  fertility  of  fe- 
males showed  that  initial  fertility  and  per- 
sistency of  sperm  functional  capacity  or 
duration  were  governed  more  by  the  male's 
genetic  background  than  by  that  of  the 
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females.  Fertility  of  line-cross  progeny  was 
intermediate  for  both  measures  on  high 
and  low  lines.  High-fertility  line  males  pro- 
duced an  average  of  0.327  ml  of  semen 
volume,  as  compared  with  0.183  ml  for 
low-fertility  line  males.  In  each  of  7  years 
of  selection,  volume  of  high-fertility  line 
males  exceeded  the  volume  produced  by 
low  line  males.  Neither  body  weight  and 
conformation  traits  of  males,  nor  egg  pro- 
duction of  females  of  selected  lines,  were 
correlated  with  semen  volume. 
Natural  mating.  Turkeys  selected  for  in- 
creased weight  at  8  and  24  weeks  of  age 
had  decreased  fertility  in  natural  matings, 
as  compared  to  random  and  index-selected 
lines  ([  weight  at  8  weeks  x  5]  minus  weight 
at  24  weeks).  In  natural  matings,  receptiv- 
ity of  the  turkey  female  was  found  to  de- 
crease rapidly  with  the  season.  Although 
artificial  insemination  partially  offset  the 
decline,  it  was  not  the  complete  answer  to 
the  problem. 

Shifting  males  during  breeding  season. 
Fertility  was  not  improved  in  the  latter 
part  of  the  breeding  season  by  the  use  of  a 
second  shift  of  males.  Males  for  the  second 
shift  were  maintained  on  either  0.75  ft-c 
or  5.0  ft-c  of  daily  light  for  8  hours  until 
6  weeks  prior  to  shifting,  at  which  time 
both  groups  received  a  14-hour  light  day 
with  5  ft-c  of  light  intensity.  Light  treat- 
ments had  no  effect  on  fertility.  The  use 
of  a  second  shift  of  males  hatched  in  July 


did  not  improve  late  season  fertility  in 
matings  where  first  shift  males  were 
hatched  in  April. 

Selection  for  libido.  Selection  experiments 
with  BBB  turkeys  show  that  there  is  a  wide 
variability  in  libido  of  both  sexes  and  that 
the  trait  is  inherited.  Observation  of  mat- 
ing behavior  for  30-minutes  daily  during  a 
20-day  period  showed  that  females  were 
receptive  from  0  to  17  times  and  that  mat- 
ings were  completed  from  0  to  1 1  times. 
Close  agreement  in  mating  behavior  of 
male  turkeys  in  natural  matings  and  with 
an  artificial  model  having  a  female  turkey 
head  indicated  that  the  latter  can  be  used 
as  a  method  for  selecting  males  for  aggres- 
siveness. Semen  volumes  of  high-libido 
lines  were  greater  than  those  of  low-libido 
lines.  There  was  conflicting  evidence  as  to 
correlated  response  of  selection  for  libido 
and  body  size.  The  data  indicate  that  sel- 
ection for  increased  libido,  while  improv- 
ing fertility,  may  lead  to  a  decrease  in  egg 
number. 

Semen  collection.  The  fertility  of  turkey 
eggs  was  increased  significantly  when  fe- 
males were  artificially  inseminated  with 
semen  collected  in  an  open  glass  jigger,  as 
compared  to  semen  collected  in  a  vacuum 
or  aspirator  bottle.  In  another  experiment, 
aeration  of  turkey  semen  for  15,  60,  or  120 
minutes  following  collection  did  not  affect 
its  fertilizing  capacity.  Increases  in  the 
length  of  holding  time  of  semen  decreased 
fertility  of  the  turkey  eggs. 


GROWTH 


Breeding  Systems 

Body  weight  of  strain  crosses  at  market  age 
was  7.5  per  cent  greater  for  females  and 
12.2  per  cent  greater  for  males  than  that  of 
pure  strain  offspring.  Feed  efficiency  was 
improved  on  the  order  of  2  to  3  per  cent 
for  strain  crosses,  and  strain  crosses  were 
more  uniform  in  body  weight  and  other 
conformation  measurements. 

When  four  lines  (random,  growth,  egg 
production,  and  hatchability)  were  single- 


and  four-way  crossed,  maternal  effects  in- 
fluenced 8-  and  24-week  body  weights,  but 
sex-linkage  was  not  a  factor  in  body  weight 
and  egg  production. 

Inbreeding  had  little  effect  on  bone 
growth,  but  seemed  to  substantially  de- 
crease muscular  development.  The  worst 
effects  from  inbreeding  were  on  growth, 
viability,  and  hatchability;  the  greatest 
improvement  by  hybridization  has  been  on 
these  characteristics. 

There  was  considerable  variation  in  24- 
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week  body  weights  from  inbred-line  mat- 
ings,  but  there  was  no  increase  in  body 
weights  of  the  progeny  over  that  of  the 
parent  lines.  Body  weights  were  higher  for 
pure  lines. 

Selection 

Selection  for  early  gain  in  body  weight  to 
8  weeks  resulted  in  increased  24-week  and 
mature  weights.  A  selection  index  de- 
signed to  provide  early  weight  gains  and 
improve  feed  efficiency,  while  holding 
breeding  age  body  weights  lower,  was 
found  effective  in  experiments  with  BBB 
turkeys. 

Female  turkeys  of  low-libido  line  were 
2  pounds  heavier  than  females  of  a  high- 
libido  line;  whether  this  difference  in  body 
weight  can  be  attributed  to  lessened  mat- 
ing activity  is  a  matter  of  conjecture. 

There  was  little  difference  in  body 
weight  at  35  weeks  between  high-  or  a  low- 
fertility  lines.  A  line  selected  for  growth 
showed  decreased  body  weight  when  eggs 
were  stored  longer  than  1  week  before 
setting,  and  there  was  a  slight  loss  in  post- 
hatching  body  weight  when  eggs  were 
lighted  during  incubation. 


Stress  applied  to  eggs  during  incubation 
(6  hours  of  exposure  to  32°F)  produced 
poults  which  were  heavier  than  controls  at 
8  weeks  of  age;  this  difference  was  no 
longer  evident  at  24  weeks  of  age. 

High  heritability  estimates  were  found 
for  24-week  body  weight,  and  8-week  body 
weights  were  highly  correlated  with  24- 
week  body  weights.  Weight  at  24  weeks  was 
positively  correlated  with  breast  depth, 
keel  length,  and  (probably)  shank  length. 

Correlation 

Experiments  on  correlated  responses  from 
selection  showed  that  turkeys  selected  over 
seven  generations  for  large  body  size  at  24 
weeks  continued  to  lose  fertility  and  hatch- 
ability.  Selection  for  egg  production  or 
hatchability  resulted  in  indirect  selection 
for  reduced  body  size. 

Consistent  decline  in  fertility  and  hatch- 
ability  in  a  line  selected  for  large  body 
size  at  24  weeks,  and  a  decrease  in  body 
size  in  a  line  selected  for  high  hatchability, 
may  indicate  why  there  is  a  continuing 
problem  of  low  hatchability  in  commercial 
turkey  flocks  bred  for  large  market  size. 


HATCHABILITY 


The  hatchability  problem  is  an  important 
one  to  the  turkey  breeder  and  to  the  indus- 
try in  general.  Field  observations  indicate 
that  temperature,  storage  time,  and  ship- 
ping factors — which  are  all  involved  in 
handling  the  egg  prior  to  incubation — 
influence  the  ability  of  eggs  to  hatch.  Re- 
search indicates  that  these  factors  some- 
times augment  each  other  to  the  detriment 
of  the  fertile  egg  by  reducing  the  number 
of  viable  germs  present  when  the  egg  is  in 
early  stages  of  incubation.  But  it  has  been 
shown  that  preincubation  warming  in- 
creases the  viability  of  turkey  eggs  so  that 
more  poults  can  be  obtained.  It  is  probable 
that  this  additional  warming  causes  the 
"retarded"  blastoderm  in  eggs  of  certain 
hens  to  move  closer  to  the  normal  stages 
usually  reached  by  the  time  most  eggs  are 


laid.  The  ovulatory  cycle  (hence,  the  time 
an  egg  remains  in  the  oviduct)  probably  is 
a  major  factor  in  variation,  but  inherent 
viability  (growth  capacity)  of  the  germ 
may  also  be  a  contributing  factor.  Hatch- 
ability  is  affected  by  the  genetics  of  the  hen 
involved  and  by  the  breeding  system  util- 
ized. Incubation  conditions  influence  the 
ability  of  the  embryo  to  hatch,  and  there- 
fore are  directly  related  to  egg  viability. 

Breeding  Systems 

Because  hatchability  is  inherited,  it  may 
be  quickly  improved  by  selection.  This 
improvement  may  be  obtained  in  a  num- 
ber of  different  ways.  Studies  involving  a 
comparison  of  pure  lines  of  BBB  turkeys 
and  their  reciprocal  inter-strain  crosses 
over  a  10-year  period  consistently  showed 
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that  strain-cross  vigor  improved  reproduc- 
tive performance.  Hatchability  of  fertile 
eggs  appeared  to  be  the  greatest  net  gain 
from  strain  crossing,  although  reproduc- 
tive performance  benefitted  through  a 
favorable  influence  on  egg  production  and 
fertility.  Strain  crosses  exceeded  non-in- 
bred pure  strains  in  hatchability  by  as 
much  as  10  to  20  per  cent;  crossing  inbred 
lines  which  had  a  coefficients  of  inbreeding 
of  75  to  80  per  cent  increased  hatchability 
of  their  hybrid  embryos.  Three-  and  four- 
way  crosses  showed  a  slight  but  consistent 
advantage  in  reproductive  performance 
over  two-way  crosses. 

Pure  strains  consistently  exhibited  2  to 

4  per  cent  higher  incidence  of  embryonic 
death  than  did  strain  crosses — the  better 
reproductive  performance  of  the  latter  was 
in  part  due  to  fewer  dead  embryos  up  to 
24  days  of  incubation.  Crosses  of  pure 
strains  did  not  provide  hybrid  vigor  in 
reproductive  traits,  and  testing  for  com- 
bined ability  of  strains  should  be  a  pre- 
requisite to  an  extension  of  this  practice. 
There  appears  to  be  a  genetic  co-variation 
of  egg  production  with  hatchability.  Selec- 
tion for  increased  body  weight  at  24  weeks 
has  shown  a  negative  relationship  to  egg 
production  and  hatchability. 

Natural  selection  can  be  used  to  im- 
prove hatchability  in  BBB  turkeys.  Stress 
selection  was  employed  at  24  days  of  in- 
cubation when  eggs  were  transferred  to 
pedigree  hatching  baskets  and  placed  in  a 
70°F   temperature-controlled   cabinet   for 

5  hours.  After  this  treatment  the  stress 
group  was  returned  to  the  hatching  com- 
partment for  the  remainder  of  the  28.5 
day  period  of  incubation.  The  general 
effect  of  stress  incubation  was  to  increase 
hatchability  of  fertile  eggs  by  9  to  16  per 
cent  after  one  generation  of  treatment.  All 
genotypes  did  not  respond  equally  to  the 
treatment,  and  stress  repeated  in  subse- 
quent generations  gave  diminished  rates 
of  response.  First  generation  treatments 
were  statistically  significant  as  evaluated 
by  second  generation  response,  and  geno- 
type effects  were  significant  in  both  first 
and  second  generations  after  treatment. 
The  high  relation  of  genotype  response  to 
treatment  during  the  generations  tested 
indicates    that   continued   stress   selection 


may  increase  the  genetic  value  for  improv- 
ing hatchability.  The  basis  for  this  type  of 
work  suggests  that  sufficient  stress  elimi- 
nates genetically  weak  embryos  (thus  ac- 
celerating natural  selection)  but  not  the 
more  vigorous  organisms. 

Selecting  by  the  use  of  a  chilling  tech- 
nique involving  exposure  to  32°F  for  6 
hours  on  the  eighth  day  of  incubation 
resulted  in  improved  viability  of  the  em- 
bryo by  the  third  generation,  after  two 
generations  of  selection.  Application  of 
this  technique  to  lines  established  for 
their  ability  to  reproduce  has  demon- 
strated an  increased  hatchability  of  those 
embryos  surviving  the  treatment.  Selecting 
lines  by  utilizing  the  chilling  technique,  as 
well  as  conventional  procedures  of  selec- 
tion based  on  ability  to  reproduce  prog- 
eny, demonstrates  that  a  parallel  selection 
program  can  be  used. 

To  evaluate  the  heritability  of  hatch- 
ability,  forty  BBB  turkey  sires  were  mated 
to  a  number  of  dams.  The  eggs  were  stored 
up  to  3  weeks  and  through  seven  hatches. 
Results  indicate  that  holding  hatching 
eggs  would  not  increase  the  efficiency  of 
selection  for  hatchability  or  hatching  time. 
A  negative  correlation  between  hatching 
time  and  holding  time  shows  that  the  eggs 
of  poor-hatching  hens  will  hatch  later  than 
eggs  from  high-hatching  hens.  The  natural 
selection  against  large  turkeys  is  intensi- 
fied when  hatching  eggs  are  stored.  Sex 
linkage  did  not  appear  to  have  a  large 
degree  of  influence  on  hatchability  or 
hatching  time. 

Egg  Storage 

The  hatchability  of  eggs  stored  decreases 
on  the  order  of  1  to  2  per  cent  daily  for  18 
to  14  days,  as  compared  to  a  negligible  per 
cent  for  1  to  7  days  storage.  Heritability 
estimates  for  storage  hatchability  range 
from  0.28  to  0.45  and  0.42  to  0.64,  respec- 
tively, based  on  the  dam  component. 

The  environmental  condition  of  eggs 
prior  to  incubation  influences  hatching  re- 
sults. For  example,  holding  eggs  at  a  tem- 
perature of  53°F  overnight,  preheating  at 
99.75°F  for  5  hours  followed  by  storage  at 
53°F  resulted  in  a  constant  improvement 
in  hatchability.  Storage  temperature  ap- 
pears to  be  an  important  factor  involved 
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when  eggs  are  held  beyond  8  days.  Figure 
1  shows  embryo  viability  over  a  14-day 
holding  period  without  pre-incubation, 
utilizing  three  different  temperatures  with 
BBB  turkey  eggs.  There  was  a  rather  sharp 
drop  in  live  germs  after  6  days  of  storage 
at  33°F  (0.6°C)  while  eggs  stored  at  74°F 
(23.3°C)  began  to  lose  viability  after  10 
days;  eggs  held  at  53°F  (11.7°C)  continued 
at  a  relatively  high  level  of  viability 
throughout  the  14-day  period.  Extension 
of  this  study  to  a  28-day  holding  period 
merely  accentuates  the  differences  and  re- 
veals a  steady  drop  in  viability  of  eggs 
stored  at  53°F  after  14  days.  Hatchability 
of  the  surviving  embryos  (fig.  2)  indicates 
a  similar  pattern  of  response  to  the  ability 
to  emerge  from  the  egg,  with  a  rather 
sharp  decline  when  eggs  were  held  at  33° 
and  74°F.  However,  eggs  held  at  53°F, 


while  also  declining  somewhat,  maintained 
a  higher  level  of  hatchability  than  that  of 
the  other  two  temperature  groups. 

Preincubation  warming  should  be 
studied  further.  Studies  on  strain  response 
as  well  as  duration  of  germ  viability  re- 
vealed substantial  differences  in  response 
to  this  treatment  due  to  genetic  back- 
ground. In  the  study  illustrated  by  figure 
3,  pre-incubation  warming  was  carried  out 
on  the  day  the  eggs  were  produced,  and 
eggs  were  subjected  to  an  environment  of 
80°  to  82°F  for  a  period  of  14  hours;  then 
they  were  stored  at  53°F  for  periods  up  to 
27  days.  The  data  obtained  show  the  bene- 
ficial effects  of  preheating  on  both  BBB 
and  BBW  (Broad  Breasted  Whites).  The 
data  also  show  that  preheating  was  effec- 
tive beyond  the  sixteenth  day  of  storage, 
and  that  BBB  turkeys  reacted  more  mark- 
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Fig.  2.  Hatchability  of  BBB  eggs  held  at  three  different  storage  temperatures. 
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edly  to  the  treatment  than  did  the  BBW 
turkeys.  It  is  possible  that  the  real  reason 
for  response  to  preheating  may  be  the  dif- 
ferences in  the  development  of  blasto- 
derms when  the  egg  is  laid,  and  this  could 
be  due  to  various  genetic  or  physiologic 
factors. 

Oxygen  Supplementation 

To  determine  the  effect  of  oxygen  and 
pressure  on  hatchability,  two  major  ap- 
proaches were  followed:  genetic  selection, 
and  oxygen  addition  to  the  incubator.  The 
information  obtained  has  no  doubt  now 
been  modified  as  a  result  of  commercial 


application,  as  little  further  work  has  been 
carried  out  to  supplement  original  find- 
ings which  recommend  the  maintenance 
of  a  23  to  24  per  cent  oxygen  level  in  the 
incubator.  Carbon  dioxide  content  should 
not  exceed  0.8  per  cent  (with  a  preferred 
optimum  level  of  0.6  per  cent)  but  too 
much  ventilation  may  reduce  carbon 
dioxide  to  an  undersirably  low  level,  with 
perhaps  detrimental  effects. 

In  a  study  designed  to  determine  the 
effect  of  oxygen  pressure  on  selection  for 
hatchability,  incubation  partial-pressure  of 
14  per  cent  of  the  barometric  pressure  re- 
sulted in  a  reduction  of  hatchability  of  40 
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per  cent  when  compared  with  a  partial- 
pressure  of  16  per  cent  of  the  barometric 
pressure  in  control  incubators.  No  statis- 
tical interaction  was  found  between  hatch- 
ability  and  oxygen  pressure;  this  suggests 
that  natural  selection  at  lower  oxygen 
pressure  might  be  used  as  a  stress  factor  to 
improve  the  hatchability  through  genetic 
selection. 

Altitude 

Further  experiments  utilizing  stress  to  im- 
prove hatchability  have  shown  that  heredi- 
tary differences  in  lines  may  be  obtained 


by  selection  at  different  altitudes.  Eggs 
from  a  line  selected  for  hatchability  at 
9,100  feet  elevation  had  better  hatchability 
when  incubated  at  that  altitude  than  did 
eggs  from  a  line  produced  at  7,200  feet. 
Similar  results  were  obtained  with  eggs 
from  hens  reared  at  7,200  feet  compared  to 
eggs  of  hens  reared  at  4,300  feet  when  the 
eggs  were  incubated  at  the  7,200  feet 
hatchery.  Turkey  eggs  from  the  same 
sources  declined  in  hatchability  with  in- 
creasing altitude  when  the  study  was  car- 
ried out  in  incubators  located  at  250  to 
7,200  feet. 
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